-1 - 

TIRE VULCANIZING MOLD 

R ArKGROIJND OF TH E INVENTION 

1. Field of the Invfenrion 

5 [0001] The present invention relates to a vulcanizing mold for producing 
pneumatic tires. 

2. Description of Related Art 

[0002] Vulcanizing mold for pneumatic tires has inner surface that is 
provided with ridges for defining the tread pattern of the prodtict tire. Thus, 

10 air tends to be trapped between the inoex surface of the mold and the outer 
sorj^ce of a green tire upon vulcanization thereof. In particular, the ridges of 
the mold and the unvulcanized rubber of the green tire are brought into tight 
contact with the mold $ai£ace and thereby prevent .effective discharge of air 
from the mold cavity. As a result, air trapped between *e mold surface and 

15 the rubber suifiace forms voids or the like surface defects (so-called "bares") in 
the outer sur&ce of the product tires, tha»by lowering the conunercdal value of 
the product tire. 

[0003] Therefore, it has been a conventional practice to provide a mold with 
vent holes in the form of fine apertures, for discharging air out of the moid 

20 cavity. lu this instance^ however, rubber tends to be extruded out of the vent 
holes to form spews on the tire surface, which degrade the appearance of the 
product tire. Thus, in order to provide an improved appearance of the product 
tire, time-consuming and/or troublesome countermeasures are often required. 
Such countermeasures include, for example, trimming of spcws, and/or 

25 formation of increased number of fine apertares in the mold. 

[0004] In view of these problems, JP-A-2001-1 8235 discloses a segmented- 
type vulcanizing mold including a plurality of mold pieces for forming a tread 
portion of the tire, which arc assembled with each other in the circimiifeientia] 
direction of the tire. Each mold piece has a molding surface provided with 

30 various libs for forming a tread pattern of the tire, and end surfaces where 

adjacent mold pieces are in abutmMit with each other when they are assembled. 
The end surface of the mold piece includes an edge region adjacent to the 
molding surface and extending in a width direction of tfie tread portion. The 
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mold piece has a vent passage communicating with atmosphere, fonneii of a 
narrow gap that extends along the edge region partly in the width direction of 
the tread portion. 

[0005] The vulcanizing mold disclosed in JP-A-2001-18235 proved to be 
5 highly advantageous in that the vent passage in the ftom of a narrow gaps along 
the edge region of each mold piece can be formed in a &cilitated manner, more 
or less eliminating difficult and time-consuming machining of fine apertures in 
the mold pieces. However, even with the valcanizing mold of such an 
improved structure, it is often necessary to apply vacuum in order to positively 
10 discharge air ftom the mold cavity and thereby effectively avoid formation of 
surface defiacts in the outw surfecs of the product tirss. This leads to the 
necessity of provitUng vacuum pump de't^ce in combination with a complicated 
seal stmctuie for the vulcanising machine as a whole, besides increased 
equipment cost and running cost. 
15 SUMMARY OF THE INVENTION 

[0006] ft is a primary object of the present invCTilaon to provide an improved 
vulcanizing mold capable of positively discharging air ficom the mold cavity 
without requiting application of vacuum. 

[0007] It is another object of the present invention to provide an improved 
20 vulcanizing mold that can be produced and operated highly efficiently and at a 
relatively low cost. 

[00083 According to a first aspect of the present invention, there is provided a 
vulcanizing mold for pneumatic tires, comprising a plurality of mold peces for 
forming a tread portion of the tire, wherein the mold i«e«!S can be assembled wiA 

25 each othCT side by side in a circumferential direction of the tire. The mold pie^ 
each comprises a molding surface for fanning a tread pattem of the tire tread portion, 
and end suri^^es on both sides of the molding surface as ^en in tiie circumferential 
diiecdon of the tiie, where adjacent mold i»eces are in abutmoit with eadi other 
when tihiey are assennbled. The end sur£K«s of tiie mold piece each includes an 

30 edge xegplon situated adjacent to the molding surface to extend in a width direction of 
tiic tread portion. Furthennoie, the mold pieces each comprises (1) a first vent 
means comprised of a narrow gap formed by continuously removing said edge r^ion 
over substantially entire widtii of the tread portion, whernn the first vent means is in 
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communication with atmosphere, and (ii) a second vent means comprised of une 
unevenness on the molding surface of the mold piece, wherein the $econd vent 
means is in conamunication with the first vent means. 
[0009] In the structure of the vulcanizing mold according to the above- 
5 mentioned first aspect of the present invention, the narrow gap forming the first 
vent means extends along the edge region of the end sui&ce adjacent to the 
molding surface of the mold piece, over substantially entire mdth of tiic tread 
portion. Thus, even when the gap is jfoimed 1» have a reduced width, it is 
pos$ible to positively dischargie air from the mold cavity wiAout lequiring 
, ^ 10 application of vacuum. The narrow gap with a reduced widih is particularly 

Q advantageous for effectiveily preventing formation of spews. Mofeovef,the 

narrow gap along die end surface of the mold piece can be formed in a 
ill iadlitated manner. 

[9010] FarthemKwe, the molding $uri«ce of the mold piece has fine 
rS 15 unevenness forming the second vent means that is in communication with the 

^ narrow gap of the first vent means. Thus, even immediatdy before the 

unvalcanized rubber of the green tire comes into tight contact with the molding 
i * surface corresponding to a land in the tread portion, air remaining therebetween 

p j can be effectively discharged into atmosphere, through the vent passa^ 

fll 20 provided by the fine unevenness on the molding surface of the mold piece, and 

subsequently though fee narrow gap of the first vent means. It is therefore 
possible to positively prevent formation of surface defects in the outer surface 
of the product tires, and to provide product tires with an improved appearance. 
The second vent p^sage ensuring an effective discharge of air from the mold 
25 cavity is in the forro'of fine unevenness and, hence, does not affect the 
appearance of the product tires. 

[0011] It is preferred that the second vent means is comprised of narrow 
grooves, which are provided on the moldiz^ surfoce of the mold piece in a 
region corresponding to a land of the tread portion, so as to extend substantially 
30 continuously in the circumferential direction of the tire. 

[0012] The above-mentioned arrangement of the second vent means makes 
it possible effectively to discharge air remaining witiun the mold cavity into the 
narrow gap of the first vent means and eventually into atmosphere, tiuough the 
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narrow grooves in the molding surface extending subsiantially continuously in 
the circumferential direction of tljie tire, thereby positively avoiding formation 
of surface defects in the outer surface of product tires. Formation of narrow 
grooves at the region of the molding surface that corresponds to a land in the 
5 tire tread portion is highly advantageous, since such surface region otherwise 
tends to cause air traps. Moreover, the narrow grooves in molding surface 
extending substantially continuously in the circumfterential direction of the tire 
can be formed in a facilitated manner without requiring complicated machining 
on flie molding surface of the mold piece. 

10 [0013] As tor the cross-sectional dimension of the narrow grooves in the 
molding scrface of the mold piece, it is prefeixed that each of the narrow 
grooves has a width and/or depth within a ran^ of 0. 1 mm to 0-3 mm. The 
width and/or depth of the narrow grooves in excess of 0.3 mm may affect the 
appearance of the product tires due to the narrow grooves by themselves, while 

15 the width and/or depth less than 0-1 tarn make it dimculc to effectively 

discharge air into the narrow gap of the first vent means at the end surface of 
the mold piece, and may c^nse surface deflects in the product tires. 
[00141 It is also preferred that the second vent means is comprised of an air 
passage extending along a root portion of a narrow rib, which is provided on the 

20 molding surface of the mold piece in a region corresponding to a land of the 
tread portion, so as to extend substantially continuously in the circumfer^tial 
direction of the tire. 

[0015] The above-mentioned arrangement of the second vent means also 
makes it possible effectively to discharge air remaining within ihc mold cavity 

25 into the narrow gap of the first vent means and eventually into atmosphere, 

through the air passage that extends along the narrow rib on the molding surface 
substantially continuously in the circumferential direction of the tire, tbaxtoy 
positively avoiding formation of surface defects in the outer surface of product 
tires. Formation of naxxow ribs at the region of the molding $ur£ace that 

30 conesponds to a land in the tire tread portion is highly advantageous^ since such 
suifecc region otherwise tands to cause air tt^s. The narrow ribs extending 
substantially continuously in the circumferential direction of the tire may be 
advantageously used to form narrow grooves in Ae outer surface of the product 
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tire at a land in the tread sui&ce, which are arranged with a isgular pattern to 
provide a desired omanaental appearance. Moreover, the narrow rib defining 
the air passage along its root can be formed in a facilitated manner, simply by 
linearly fqiming a narrow groove in a master of the mold piece for preparing the 
5 latter by casting, so that the nairow groove in the master is complem»itaiy to 
the narrow rib in the mold piece. 

[OOIQ As for the cross-sectional dimension of the narrow rib on th& 
molding surface of the mold piece, it is preferred that the rib has a width of 
0.3 mm or less and a height within a range of 0.1 mm to 0.3 mm. The width 

1 0 and/or height of the narrow rib in excess of 0.3 mm may affect the appearance 
of the product tire, while the hei^t of less than O.I mm makes it difficalt to 
effectively dischai^ air into the nanow gap of the first vent means at the end 
surface of the mold piece, and may cause surface defects in tiie product tires. 
[0017] ft is also preferred that the second vent means is comprised of a 

IS plurality of narrow grooves and at least one other groove inteisectinjg the 

nairow grooves at not less than one point of each of them, wherein the narrow 
grooves and the at least one other groove are formed in the molding surface of 
the mold piece in a region coiresponding to a land of the tread portion. 
[0018] The above-mentioned arrangement of the second vent means makes 

20 it possible effectively to discharge air remaining within the mold cavity into the 
narrow gap of the first vent means and eventually into atmosph^e, through the 
narrow grooves and at least one other groove in the molding surface, thereby 
positively avoiding formation of surface defects in the outer surface of product 
tires, Fomaation of these grooves in the region of the molding surface that 

25 corresponds to a land in the tire tread portion is highly advantageous, since such 
surface region otherwise tends to cause air traps. The nairow grooves and at 
least one othor groove in the molding sur&ce may be advantageously used to 
form nazrow ribs in the out^ suifoce of the product tiie at a land in the tread 
snr&ce, which are arranged with a regular pattern to provide a desired 

30 ornamental appearance. Moieovtt^, these grooves can be formed in the 
molding sorfoce in a facilitated manner, without legoiring complicated 
machining of the molding surface of the mold piece. 
[0019] As for tiie cross-sectional dimension of the nanow grooves and at 
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least one other groove in the molding surfece of the mold piece, it is preferred 
that each of these grooves has a width and/or depth within a range of 0.1 mm to 
0,3 mm. The width and/or depth of the groove in excess of 0.3 ram may affect 
the appearance of the product tires due to the natxow grooves by themsdlves, 

5 while the width and/or depth less than 0. 1 nun make it difBcvlt to effectively 
discharge air into the narrow gap of the first vent means at the end surface of 
the mold piece, and may cause surface defects in the product tires. 
[0020] It is also prefisixed that the second vrait means is compdsed of 
recesses that are in communication with each other, and formed by a surface 

1 0 treatment of tiie mol<UAg surface, at a region coiresponding to a land in the 
tread portion, to have a surface toughness within a range of 20 jifii to 60 (un. 
[0021] The above-mentioned an^gement of the second vent means makes 
it possible effectively to dischar^ air remaining within the mold cavity into the 
narrow gap of the first vent means and eventually into atmosphere, through the 

1 5 recesses in the molding surface, thereby positively avoiding formation of 

surface defects in the outer surface of product tires. Formation of the recesses 
in the region of the molding suifece tiiat corresponds to a land in the tire tread 
portion is highly advantageous, since such surface region otherwise tends to 
cause air traps. The recesses can be rea<Kly formed by a suitable surface 

20 treatment, such as sand blasting of the molding surface, to have a desired 
surface roughness within a specified range. The recesses in the molding 
surface may be advantageously used to provide a mesh pattem in the outer 
surface region of the product tire at a land in the tread surface, which provides a 
desired ornamental appearance. 

25 [0022] As for the magnitude of the surface roughness in the moldii^ surface 
of the mold piece, the sorEace roughness in excess of 60 \im may affect the 
appearance of the pxoduct tiuce due to an excessive rou^biness in tfie outer surface, 
while the sur^e roughness of less tiian 20 \im makes it difficult to effectively 
discharge air into the narrow gap of the first voat means at the end surfiaoe of 

30 the mold piece, and may cause surface defects in the product tires. 

[002^ According to anotiifflr aspect of the present invention, tibeie is provided a 
vulcani^g mold for pneumatic tires, comprising a plurality of mold jaeces for 
fonrnng a bead portion of the tire, wherran sdd mold pieces can be assembled with 
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each other side by side in a circumferential direction of the liie. Hie mold pieces 
each comprises a molding suifiace for fonning a tread pattern of the due tread portion, 
and end surfaces on both side$ of the molding surface as seen in circumferential 
direction of the tire, where adjacent mold pieces are in abutment with cadi olh^ 

5 when they are assembled. The end surfaces of liie mold piece each includes an 

edge region situated adjacent to the molding surface to extend in a width direction of 
die tread portion. Furthermore, the mold pieces each coiqprlses (i) a first vent 
means comprised of a narrow gap foxmed by condnvovsly lemovlAg the edge r^on 
over substantially entire width of tihe tread portion, wherein the first v«it means is in 

10 commimication with atmosfdiere, and (ii) a second vent means comprised of one or 
more fine apertures, wherein the second vent means is formed in the molding surEacc 
of the mold piece at a region coacsponding to a land in the tiead pordon arwi isolated 
bom the first veat means^ wherein the se«iDd vent means also is in communication 
with atmosphere. 

15 [0024] The structure of tiie vulcanizing mold acconfing to the second aspect 
of the present invention is essentially the same as the first aspect explained 
above, in that the narrow forming the first vent means extends along the 
edge region of the end surface adjacent to ihe molding surface of the mold piece, 
over substantially entire width of the tread portion. Thus, even when the gap 

20 is formed to have a reduced width, it is possible to positively discharge air from 
the mold cavity without requiring application of vacuum. The narrow gap with 
a reduced width is particularly advantageous for effectively preventing 
formation of spews. Moreover, the narrow gap along the end surface of the 
mold piece can be formed in a facilitated manner. 

25 [0025] Additionally, the molding surface of the mold piece has one or more fine 
apertures forming the second vent means flmt is in conunimication witfi atmosphere, 
wherein the second vent means is situated at a region corresponding to a land in 4e 
tiead portion and isolated finm the first vent means. Huis, as the unvulcanized 
rubber of the gieen tire and the molding surface of the mold piece are bong Inought 

30 into tight contact with each oftcr upon vulcanization, air between fte unvolcanized 
mbber and the molifing suiface can be effectively dischaz^^ into atmosphere, 
directly through fine apertures forming the second vent means. It is theiefoie 
possible to positively prevent formaticm of surface defects in the outer surface of die 
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product tires, and to provide product tiies wich an inqjroved appearance. The 
second vent passage ensuring an effective discbarge of air from the mold cavity is in 
ihe form of fine apertures and, hence, does not allow rubber to be extruded 
therethrough to form spews on the outer surface of the product tire. The appearance 
5 of the product tire is not affected since the secc»id vrait means is situated at the re^on 
of the molding surface, which otherwise tends to cause air traps. 
[00261 It is preferred that the fine aportoces forming the second vent means 
in the molding surface are formed in an air-penneable, sintered plate momber. 
In this instance, the fine apertares can be realized in a facilitated manner, 
10 simply by using air-permeable, sintered plate member, without requiring time- 
consuming machining in the molding surface. 

[0027] The sintered plate member hias a pore size c» filtration rating (JIS 
B0142) which is preferably within a range of 5 jjun to 40 iuxl The filtration 
rating less than 5 jun makes it difficult to effectively discharge air into 

15 atmosphere, and may cause surface defects in the product tires, beside that fine 
foreign matters tend to clog the apwtnres in the sintered plate member. On the 
other hand, filtration rating in excess of 40 [im tends to cause rubber material to 
be forced into the apertures of the sintered plate member, thereby clogging the 
apertures. The filtration rating within the preferred range effectively prevents 

20 clogging of the sintered plate member, which tends to cause surface defects in 
the product tire. 

£0028] It is preferred that the fine aperture fomaing the second vent means 
in the molding surface is formed of a narxovs? clearance extending at least partly 
around an insert member inserted into the mold piece and having a tip Mid 
25 surface that forms part of said molding surface. Jxt this way, it is possible to 
form the fine aperture of the second voit means in a positive and facilitated 
manner. 

[0029] It is prefened that the narrow clearance around the insert member 
has a width within a range of 0.02 mm to 0.1 mm, and a dqpth within a range of 
30 0.1 mm to 2 mm. The width less than 0,02 mm and/or the depth in excess of 
2 mm lead to insuffident ability for discharging air, enlumcing the tmdency of 
surface defect formation and/or clogging of the narrow clearance by fine foreign 
matters. The width in excess of 0. 1 mm increases the hdght of the rabbo: 
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forced into the cleaianct,, resulting in unsatisfactory appearance of the product 
tire. The depth less than 0. 1 mm causes the rubber forced into the clearance to 
be icift therein, thereby clogging the narrow clearance. The clogging, in turn, 
leads to insufficient ability for dischargbag air, thereby enhancing the tendency 

5 of surface defect formation, 

[0030] It is preferred that the fine aperture forming the second vent means 
in the molding surface comprises a slit-like aperture in a top sui&ce of a tubular 
pin member, which is inserted into the mold piece so that the top surface forms 
part of the molding surface. In ttds way, it is possible to form the fine 

10 aperoire of the second vent means in a positive and facilitated manna:. 

[0031] It is piefbixed that the slit-like aperture has a widOi within a range cf 
0.02 mm to 0.1 mm, and a depth within a range of 0.1 mm to 2 mm. TTic width 
less tihan 0.02 mm and/or flie depth in tacccss of 2 mm lead to insulMieient ability 
for discharging aii^ enhancing the tend^icy of surface defect fonnation and/or 

15 clogguig of the narrow clearance by fine foreign matters. The width in excess 
of 0.1 mm and/or the depth less than 0.1 mm causes the rubber forced into the 
clearance to be left therein, thereby clogging the narrow clearance. The 
clogging, in turn, leads to insufficient ability for discharging air. tht^by 
enhancing the tendency of surfEice defect formation. 

20 [0032] It is preferred that the narrow gap of the first vent means has a width 
within a range of 0.005 ram to 0.1 nam. The width less than 0.005 mm of the 
narrow gap leads to insufficient ability for discharging air, enhancing the 
tendency of surface defect formation. The width in excess of 0.1 mm tends to 
cause spews, resulting in inferior appearance of the product tire. 

25 [0033] It is preferred that the first vent means farther comprises a groove 
formed in each of the end surfaces at a location spaced firom the molding 
sur&ce, wherein the groove is wi<lesr than the narrow giop and in communication 
with the nanrow gap and atmosphere. The groove provi^ an increased cross- 
sectional area of the aii passage and thus serves to effectively discharge air into 

30 atmosphere. 

[0034] It is piefened that the narrow gap of ihe first vent means extends 
along that portion of the molding sur^e, which corresponds to a land in the 
tread portion. Since air tends to be trapped at the molding Siuface portion 
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coiiesponding to a land ia the tread portion, where a space is defined by the 
ridges on the mold surface and the unvulcanized robber, the narrow gap serves 
to effectively discharge air into atmosphere. 

BRIEF DESCRIPTIQN OF THE DRAWINGS 
[0035] The present invention will now be explained in further detail 
hereinafter, with reference; to the preferred embodiments shown in the 
accompanying drawings. 

[0036] Fig. 1 is a schematic view showing die entirety of the segmented tixe 
mold according to a first embodiment of the pr^nt inventioiL 
[0037] Fig. 2 is a plan view showing a part of the molding surface tiiereof. 
[003^ Fig. 3 is a plan view showing die molding surface of a mold piece. 
[0039] Fig. 4 is a side view as seen from the abutment suiiace side of ^e 
mold piece. 

[0040] Fig. S is a cross-sectional view taken along the line V-V in Rg. 3. 
[0041] Fig. 6 is a cross-sectional view showing the details of the nanow 
groove in Hg. 4. 

[0042] Fig. 7 is a plan view showing the molding surface of a mold piece in 
the segmented tire mold according to a second embodiment of the present 

invention. 

[0043] Fig. 8 is a cross-sectional view showing the details of the nanrow lib 
in the mold piece shown in Figs. 6 and 7, 

[0044] Fig. 9 is a plan view showing the molding surface of the mold piece 
in the segmented tire mold according to a third embodiment of the present 
invention. 

[0045] Fig. 10 is a plan view showing the molding surface of the mold piece 
in liie segmented tire mold according to a fourth embodiment of *he present 
invention. 

[004<S] Fig. 1 1 is a plan view showing the molding sw^ace of Ihe mold piece 
in the segmented tire mold according to a fifth embodiment of the present 
invention. 

[0047] Figs. 12(a) and 12(b) are plan view and cross-sectional view, 
respectively, showing Uie details of the fine air-vent apermres in the mold piece 
of Fig. 11. 



01192-10/20 



-11- 



[0048] Fig. 13 is a plan view showing the molding surface of a mold piece 
in die segmented tire mold according to a sixth embodiment of the present 
invention. 

[0049] Fig. 14 is a sectional view taken along the line XIV-XTV in Fig. 13. 
5 [0050] Fig. 15 is a plan view showing the molding Surface of the mold piece 
in the segmented tire mold according to a scvcntii embodiment of the present 
invention. 

[0051] Hg. 16 is a cross-sectional view showing the details of fine air-vent 
apertures in the mold piece of Hg. 16. 

10 DETAILED DESCRIPTION OF THE PRE FERRED EMBODIMENT 

[0052] A first embodiment of the piesent invention will be explained below 
with reference to Figs, 1 thiottgh 6. Fig. 1 shows a tire vulcanizing mold 1. 
which is a segm^ted type mold cilcumferentially divided into a plurality of 
segments, typically into seven to nine segments of holders 2 (seven segments in 

15 Hg. 1). Each holder 2 serves to hold* on its inner surfoce, a plurality of 
segmented mold pieces for providing a desired pattern to a tread portion of a 
tiie. To this end, it is assumed that die molding sod^ces of the mold pieces are 
faced radially inwards. The holders 2 holding the associated mold pieces 10 
are movable radially outwards or inwards. Thus, the holders 2 are moved 

20 radially outwards and thereby spread simultaneously so that a green tire G made 
of unvulcanized rubber material is set at the center of the holders 2. The 
holders 2 are then simultaneously moved radially inwards so that they are 
combined or assembled with one another, thereby forming an aimular mold for 
vulcanizing the green tire G. 

25 [0053] Fig. 2 shows a part of the molding surface of the mold. The 
molding surface is fonned by assembling the mold pieces 10 in the 
ciicumf<u£ntial direction of the tiie, i.e.. by acranging the mold pieces 10 side- 
by-side at the abutmrat sur&ces 12. respectively. Each abutment surface 12 
continuously extends fix>m one shoulder pordon of a product tire to the other 

30 shoulder portion. The abotmait surfoce 12 is provided with a narrow gap 17 
along the edge portion adjacent to the molding surface. The narrow gap 17 
forms part of vent means for discharging air from the mold cavity into 
atmosphere. The abutment surfaces 12 on the opposite sides of each mold 
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piece is formed of seven planes that are connected to one iinother at six points, 
so that the seven planes on one side of the mold piece are parallel to the 
corresponding seven planes on the opposite side of the same mold piece, 
respectively. The molding surface 1 1 is provided with ridges 13 corresponding 
5 to grooves in the tread portion of a product tire. The ridges 13 define molding 
surfaces 14 that correspond to lands in the tread portion of the product tire. 
Furthermore, each molding surface 14 is provided with narrow grooves 21 that 
extend in the circumfeiential direction of the tire. 

[0054] Upon vulcanization, the green tire G made of onvulcanized mbber 

1 0 material in brought into progressive adhesion to the molding swifswe 1 1 of the 
rnold^ such that each ridge 13 firstly adhexes to the gr^n tire G. On fliis 
occasion, air spaces are left on the molding surface 14, until the molding 
surface 14 completely adheres to the green tire O. As shown in Fig. 2, the 
narrow gaps 17 are provided along the molding surfaces 14 for lands, thereby 

IS allowing effective discharge of air from the mold cavity. Ftirthcr, the molding 
surfaces 14 coiresponding to lands are provided with narrow grooves 21 which 
extend in the ciicumfeiential direction of the tire so as to communicate with the 
narrow gaps 17, jrespectively. Thus, even just before the molding surfaces 14 
completely adhere to the green tire G, air can be positively discharged to 

20 outside of the mold through the narrow grooves 21 in the molding surface 14 
and the narrow gaps 17, without leaving air spaces in the mold cavity. 
[0055] Fig. 3 and Fig. 4 are views showing of one mold piece 10, as seen 
from the side of the molding surface 1 1 and from the side of abutment surface 
12, respectively. The molding surface 1 1 of the mold piece 10 is gradually 

25 curved from the width-wise center of the tire toward a position just before each 
shoulder portion. Further, on the side of the molding surface 11 , the side edge 
portion of one of abutment surfaces 12 is continuously cut out with a small 
width over the substantially the entirety of the abntment surface 12, including 
the xidg^ 13, such that tiie cut-out forms the narrow gap 17 between Ac 

30 neighboring mold pieces 10, as shown in Rg. 5, in which the narrow gap 17 has 
awidthtof 0.03 mmandadeptii vof 2 mm. The narrow gap 17 tiavinga 
width t within a range of 0.005 to 0.05 mm makes it possible effectivdy to 
avoid formation of spews and occunence of surface defects at locations near the 
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abutmeat surfaces 12, without appUci^tion of vacuum. 
[0056] At a position deeper than the piece edge gap 17 on the abutment 
surface 12, as shown in Fig. 4 and Fig. 5, there is formed a groove IS having a 
width larger than the width t of the narrow gap 17, and a depth w of 2 mm 
5 larger than the depth V of the piece edge gap 17. The depth w of the groove 18 
may be within a range of 1 to 3 nun. Provision of the relatively wide groove 
18 allows to increase the air passage sectional area, to thereby provide a higher 
air discharging effect The groove 18 is communicated with the back surface 
of the mold piece 10 by passages 19 each having a sectional area larger than 

10 that of the narrow gap 17. 

[0057] Hg. 6 is a cross-sectional view of the narrow groove 21 in the 
molding sur£a.ce 14, that extends in the circumferendal direction of the tire so as 
to communicate with the narrow gap 17. The groove 21 has^ in its cross- 
section, a width wl of 0.2 mm and a depth hi of 0.2 mm. Preferably, the cross 

15 section of the groove 2] has dimensions including the width wl of 0.1 to 
0.3 mm and the depth hi of 0.1 to 0.3 mm. 

[0058] A second embodiment of the present invention wiU be explained 
below with reference to Figs. 7 and 8. Hg. 7 is a plan view showing a molding 
surface of a mold piece 10, and Fig. 8 is a cross-sectional view showing details 

20 of a narrow rib. In the second embodiment, the molding-stirface 14 

corresponding to the land of the tread portion is provided with narrow ribs 26 so 
that air passages communicadng with the narrow gap 17 in the abutment surface 
1 2 are formed on the molding surface 14 by the root portions of the narrow ribs 
26, respectively. In this instance, air can be positively dischaiged to the 

25 exterior of the mold, the air passage on the molding surfoce 14 and also via 
the narrow gaps 17 in tibie abutment sutf^e 12, even jost befV)re the molding- 
surface 14 completely adheres to the green tire G, without leaving air spaces. 
[OOSj^ The lib 26 shown in Fig. 8 has a width w2 of 0.2 mm and a height h2 
of 0.2 mm. Preferably, the widlli w2 is within a range of 0-3 mm or less, and 

30 the height h2 is witihnn a tange of 0.1 to 0.3 mm. 

[0060] Hg. 9 is a plan view showing the molding suifoce of a mold piece 
according to a third embodiment of the present invention. The molding 
suilace 14 cotiiesponding to each land of a tread portion is formed with air 
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passages communicating with the narrow gap 17 in the abutment surface 12, fay 
cross-patterned narrow grooves 31 . In this instance, air can be positively 
discharged to the exterior of the mold, from piece edge gaps 17 via cross- 
patterned narrow grooves 31 in the molding surface 14, ev^ just before the 
5 molding-surface 14 completely adheres to the green tiic G. widiout leaving air 
spaces. Preferably, each groove has a width within a range of 0. 1 nun to 
0.3 nun and a depth within a range of 0.1 nun to 0.3 mm. 
[0061] Hg. 10 is a plan view showing the molding stirface of a mold piece 
10 according to a fourth embodiment of the present invention. The molding 

10 surface 14 corresponding to the land of Ae tread portion is finished to have a 
surface roughness of 40 jun. In this instance, air can be positively discfaaised 
to the exterior of the mold, via mesh-like concave portions of the roughened 
molding surface 41 of the piece having the sur£ace roughness of 40 fim and also 
the naitow gap 17 in the abutment surface 12. even just before the molding 

IS surface 14 completely adheres to the green tire G, without leaving air spaces. 
The preferable range of the surface roughness is 20 jim to 60 }im. 
[00tii2] Rg. 1 1 is a plan view showing a molding surface of a mold piece 10 
according to a iifth embodiment of the present invention. Fig. 12 is a cross- 
sectional view showing the details of an aperture. At each position of the 

20 molding-surface 14 corresponding to a land of the tread portion and spaced 
from the narrow gap 17 in the abutment surface 12* an air-permeable sintered 
plate member 52 is arranged for fomiing the air discharging fine aperture. 
A sleeve S3 attached with the sintered plate member 52 is aoibedded so that the 
end surface of the sleeve 53 and the outer surface of the sintered plate member 

25 52 form part of the molding surffice 14 of the mold piece 10. 

[0063] During vulcanization, air between the gneen tire G and the molding- 
surface 14 corresponding to ^e land of the tread portion is disdiai^ged to the 
exterior of the mold, through tiie narrow gap 17 in the abutment surface 12. 
When Affile is caused an air space lliat is not communicated with the narrow gap 

30 17 while the green tire G adheres to the mold, such air space is left as tesidoal 
air space and tends to cause a surfoce defect in the product tire. However, the 
air-p^meable sintered plate members 52 are arranged at positions likely to 
cause residual air spaces so as to dissolve any residual air spaces and thereby 
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effectively avoid fonnation of siirface defects. The preferable range in terms 
of filtration rating of the sintered plate member 52 is S Jim to 40 pm. 
[0064] Kg. 1 2 is a cross-sectional view showing a mounting method of the 
sintered plate member 52. The base material of the mold piece 1 0, such as cast 
5 aluminum, is formed with a bore extending from the itK>lding surface 14 toward 
the back surface. This bore is inserted with the sleeve 53 made of steel that is 
fixed to the bore by press-fit or the lilce. Hie sleeve 53 is provided with an 
attaching portion for die sintered plate member 52 thoceto in a readily 
replaceable maimer. Thus, even when the sintoed plate member 52 is dogged 
10 to thereby deteriorate the air discharging effect, tibie clogged plate member 52 
can be replaced by a new one by a suitable tool. Li this way. the air 
discharging effect can be readily recoveied, thereby allowing use of the mold 
over a prolonged p^od. 

(0065] A sixth embodiment of the preset invention will be explained below 
15 with reference to Figs. 1 3 and 14. Hg. 13 is a plan view showing a molding 
surface of the mold piece 10, and Hg. 14 is a cross-sectional view of the mold 
showing details of an air discharging fine aperture. At the position of the 
molding surface 14 corresponding to the land of the tread portion and spaced 
from the narrow gap 17 in the abutment surface 12, there is inserted a pin 61 
20 having a tip end surface forming part of the molding surface 14. A narrow 
clearance 62 i& defined around the pin 61 for forming an air discharging fine 
aperture. Thus, air space caused at a location isolated from the narrow gap 17 
can be directly discharged to the exterior of the mold, through the narrow 
clearance 62. 

25 [0066] As shown in Fig. 14, the narrow clearance 62 around the pin 61 has a 
width w5, and extends over a depth h5 from the molding surface 14 of the mold 
piece 10. At that side of the narrow clearance 62 opposite to the molding 
suri^ace, there is formed a relatively wide gap having a widdi larger than the 
width w5, dieieby improving air discharging efifect. The prefnable range of 

30 the narrow clearance 62 is 0.02 mm to 0.1 mm for the width w5, and 0.1 mm to 
2 mm for the depth h5. 

[0067] A simple method for forming the narrow clearance 62 is ^plained 
below. Krstly, the pin 61 is pr^axed ficom a metal materml different ficom tiie 
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cast aluminum acting as the base material of the mold piece 10, The surface of 
the pin 61 is pressare-adhered with a water-soluble salt, such as sodium chloride 
or potassium chloride. The mold piece is then cast, with the pin 61 maintained 
in the desired location. Finally, the pressure-adhered salt on the pin 61 is 
5 eluted, thereby forming the narrow clearance 62 at an interface between the 
mold piece 10 and pin 61. 

[0068] A seventh embodiment of the present invention will be explained 
below witii ref^ence to Hgs. 15 and 16. Fig. 15 is a plan view showing a 
molding snxface of the mold piece 10, and Hg. 16 is a ctoss-sectional view 

10 showing the details of air discharging fine aperture. At the position of the 
moiding-sux&ce 14 corresponding to the land of rJis tread portion and isolated 
from the narrow gap 17 in the abutment surface 12, Hnexe is arranged a 
cyii!»dncal member 71 having a top surface, whi(^ forms part of the molding 
surface 14. The top sur^e of the cylindrical membo: 71 is provided with a 

15 slit 72 forming an air discharging fine apertnre. The air spaces caused at a 
location isolated from the narrow gap 17 can be directly discharged to the 
exterior of the mold, through each slit 72. The preferable range of the slit 72 
is 0.02 mm to 0.1 mm for width w6, and 0.1 mm to 2 mm for depth h6. 
[0069] It will be appreciated from the foregoing detailed description that the 

20 vulcanizing mold according to the present invention is capable of positively 
discharging air near the narrow gap in the abutment surface without forming 
spews or surface defects, without application of vacuum. The air spaces 
caused at locations spaced from the narrow gaps can also be discharged via air 
passages communicated with the narrow gaps; or direcdy thtongh fine apertntes 

25 provided at locations isolated £rom die narrow gaps; to dtereby avoid 
occorrraice of spews or suxface defects. 

[0070] While the present invention has been described above with reference 
to some preferred embodiments, they were presented by way of examples only, 
and various changes or modifications may be made widiout departing from the 
30 scope of the invention as de£aied by the app^ded claims. 
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